A coding error in the s-Coordinate Primitive Equation Model (SPEM) has led to misleading statements about the behaviour of the Mellor-Yamada level 2 parameterization of vertical mixing. It has been claimed that the scheme removes static instability only very slowly and preserves statically unstable stratifications for an unrealistic long time. This note corrects this statement by demonstrating that the Mellor-Yamada mixing scheme, if implemented correctly, tends to overestimate rather than underestimate vertical mixing in seasonally ice-covered seas. Similar to other mixing schemes with the same behaviour, this leads to spurious open ocean deep convection, an unrealistic homogenization of the water column, and a significant reduction of sea ice volume.
Introduction
In a recent issue of Ocean Modelling, Timmermann and Beckmann (2004) , refered to as TB04 hereafter, presented a comparison of vertical mixing schemes for the seasonally ice-covered Southern Ocean. The major results of their study, namely the importance of wind-induced mixing during the summer period and the good performance of a modified Pakanowski-Philander scheme (among others), are still valid. However, a coding error in the relevant routine of the S-coordinate Primitive Equation Model SPEM (Haidvogel et al., 1991; Version 5 .1) led the authors to misleading statements about the behaviour of the Mellor-Yamada mixing scheme. A sign error caused the scheme to generate turbulent kinetic energy only in case of a statically stable stratification, but not in case of static instabilities. Clearly this is not realistic and was not intended by Mellor and Yamada (1982) .
Having realized this, we repeated the experiments conducted with the Mellor-Yamada scheme. This note presents the results using a correct implementation of the scheme. As in TB04, we use the BRIOS-2 coupled sea ice-ocean model (Timmermann et al., 2002) , integrated over two passes of the 1985-1993 ECMWF reanalysis dataset. Following the original paper, we compare simulation results to climatological fields from the Hydrographic Atlas of the Southern Ocean (Olbers et al., 1992) , and to results from a reference simulation which employs a Richardson-number dependent mixing scheme (modified after Pacanowski and Philander, 1981) complemented with a diagnostic computation of the Monin-Obukhov length to improve the representation of wind-induced mixing (cf. TB04 for details).
Results
A comparison ( Fig. 1 ) of a simulated quasi-meridional temperature section through the Weddell Sea to data from the Hydrographic Atlas of the Southern Ocean (Olbers et al., 1992) indicates that the level 2 mixing scheme of Mellor and Yamada (1982) , if implemented correctly, overestimates the effect of vertical mixing in the seasonally ice-covered Southern Ocean. From the third year of integration onwards, the core of the warm deep water (WDW) is subsequently eroded. After 10 years of integration, major parts of the Weddell Sea feature a rather homogeneous water column with a potential temperature between À0.4 and 0°C. Deep convection at this stage establishes a direct exchange between the surface and the bottom ocean (Fig. 1, right) . This process is still very active at the end of the experiment and clearly not realistic.
Despite Another prominent result in TB04 was the very slow spreading of an artificial passive tracer that has been released in the surface layer above the Weddell Sea continental shelf (Fig. 4 in TB04, in which the ÔPPÕ flag in the left panel should have read ÔMYÕ). Not surprisingly, this result can be explained by the incorrect computation of turbulent kinetic energy. After correcting the error in the MY experiment, the tracer spreads in a similar manner as in the reference simulation (Fig. 2) .
In the experiments of TB04, simulations with the MY mixing scheme featured the smallest meridional overturning of all experiments (24 Sv total overturning compared to 26 Sv in the reference simulations and up to 34 Sv in the sensitivity experiments). Now, with the numerics corrected, total overturning in the MY experiment exceeds 33 Sv in the nine-year mean. This value is consistent with the vigorous deep convection in this particular experiment.
Summary
After correcting the implementation of the Mellor and Yamada (1982) parameterization of vertical mixing in the BRIOS-2 coupled ice-ocean model, the statement that this scheme removes static instability only very slowly (Timmermann and Beckmann, 2004) has to be withdrawn. Simulations with the correct numerics yield results very close to other traditional mixing schemes: Deep convection in the seasonally ice-covered (Southern) ocean is overestimated significantly, which results in an unrealistic homogenization of the water column and a spurious thinning of sea ice. However, the main conclusions of TB04, namely the importance of wind-induced mixing during summer and the superior performance of two vertical mixing schemes that take into account the Monin-Obukhov length (as a function of u * 3 ) remain valid.
